Background: The extent of patient contact with medical services prior to development of community acquired-acute kidney injury (CA-AKI)is unknown. Aim: We examined the relationship between incident CA-AKI alerts, previous contact with hospital or primary care and clinical outcomes. Design: A prospective national cohort study of all electronic AKIalerts representing adult CA-AKI. Methods: Data were collected for all cases of adult (18 years of age) CA-AKI in Wales between 1 November 2013 and 31 January 2017. Results: There were a total of 50 560 incident CA-AKI alerts. In 46.8% there was a measurement of renal function in the 30 days prior to the AKI alert. In this group, in 63.8% this was in a hospital setting, of which 37.6% were as an inpatient and 37.5% in Accident and Emergency. Progression of AKI to a higher AKI stage (13.1 vs. 9.8%, P < 0.001) (or for AKI 3 an increase of > 50% from the creatinine value generating the alert), the proportion of patients admitted to Intensive Care (5.5 vs. 4.9%, P ¼ 0.001) and 90-day mortality (27.2 vs. 18.5%, P < 0.001) was significantly higher for patients with a recent test. 90-day mortality was highest for patients with a recent test taken in an inpatient setting prior to CA-AKI (30.9%). Conclusion: Almost half of all patients presenting with CA-AKI are already known to medical services, the majority of which have had recent measurement of renal function in a hospital setting, suggesting that AKI for at least some of these may potentially be predictable and/or avoidable.
Introduction
Acute kidney injury (AKI) is a common health problem worldwide, affecting up to 1% of the general population and 15% of all hospitalized patients. [1] [2] [3] Severe AKI requiring dialysis is associated with a high rate of in-hospital mortality. 4 Less severe degrees of renal injury have also been associated with a significantly heightened risk of death, prolonged in-patient hospital stay and increased costs. 5, 6 AKI may also have long-lasting detrimental effects on a patient's health, with an increased incidence of subsequent Chronic Kidney Disease (CKD) and mortality. [7] [8] [9] [10] AKI may occur during hospitalization (HA-AKI), may be present at the time of admission to hospital or may occur and be managed in the community. To date the majority of published studies contributing to our understanding of epidemiology and outcome of AKI, are based on AKI in hospitalized patients. [11] [12] [13] Amongst hospitalized patients the incidence of community acquired AKI (CA-AKI) is roughly twice that of hospital acquired AKI.
14 In contrast to HA-AKI much less is known regarding the nature and impact of CA-AKI of which 30-40% is not hospitalized, 15, 16 AKI within primary care and the interface between primary and secondary care. Up to half of all AKI detected by an electronic AKI alert based on a change in creatinine criteria, is accounted for by CA-AKI 15 of which only 30% is detected in primary care. 17 In this article, we have examined the relationship between incident electronic CA-AKI alerts and previous contact with either hospital services or primary care and related this to the clinical course/outcome of an AKI episode. Our aim was to highlight potential 'predictable' AKI and possible missed opportunities to minimize the risk and impact of AKI.
Materials and methods

Setting
Data were collected across the National Health Service in Wales which serves a population of 3.06 million. The study was approved under 'Service Evaluation Project Registration'. Figure S1) . 19 Three 'rules' are applied to generate alerts differing in the time period from which the baseline creatinine is obtained. Rule 1 alerts represent a >26 mmol/l increase in SCr within the previous 48 h and are issued only if Rules 2 and 3 are not satisfied. Rule 2 alerts represent a 50% increase in SCr within the previous 7 days, and a Rule 3 alert represents a 50% increase in SCr from the median of results from the previous 8-365 days.
Data collection
Data were collected for all cases of adult (18 years of age) CA-AKI in Wales between 1 November 2013 and the 31 January 2017. Clinical location, patient age, AKI stage and the rule under which the AKI alert was generated was collected together with all measurements of renal function for up to 30 days following the AKI alert. To prevent inclusion of known patients receiving renal replacement therapy, alerts transmitted by patients from a renal, renal transplant, or dialysis setting, and by patients who had a previous blood test in a dialysis unit were excluded. Mortality data were collected from the Welsh Demographic Service.
Data analysis
CA-AKI was classified as any patients with an e-alert generated in a non-in-patient setting. We defined an incident episode of AKI as 30 days, i.e. any AKI e-alert for the same patient within 30 days of a previous alert was not considered a new episode. The Medical Record Number was used as the patient identifier. This is a unique reference number allocated to each patient registered in the National LIMS and allows for multiple visits/ blood test requests across all locations in Wales to be linked.
Patients were classified into two groups; those with a measurement of renal function within the preceding 30 days of the incident AKI alert (Recent test), and those without (No recent test). Alerts for the latter group were all therefore generated by a baseline creatinine value derived from the median of results from the last 30-365 days.
Progression of AKI was defined as a peak AKI stage higher than that associated with incident e-alert or for Stage 3 alerts an increase 50% from the Serum Creatinine (SCr) value generating the alert. Critical care admission was also used as a surrogate marker for disease severity, and was defined as a measurement of renal function in an Intensive Care Unit (ICU) setting during the 30-day AKI episode. Pre-existing CKD (PeCKD) was defined as an eGFR (calculated by CKDEpi eGFR formula) 20 < 60 ml/min/1.73 m 2 derived from the baseline SCr.
Statistical analysis was carried out using SPSS software, version 20 (SPSS, Inc., Chicago, IL). Student's t test and ANOVA were used for analysis of normally distributed data. Categorical data were compared using a Pearson chi-squared test. P values < 0.05 were considered statistically significant differences.
Results
Over the study period there were a total of 50 560 incident CA-AKI alerts. The demographic data on the cohort is shown in Table 1 .
CA-AKI and measurement of renal function in preceding 30 days
Characteristics of patients with a recent measurement of renal function (Recent test) and those without a recent measurement of renal function (No recent test) are shown in Table 1 . 46.8% (23 658) of all CA-AKI had a measurement of renal function during the 30-day period prior to the AKI alert. The cohort of 'Recent test' patients at the time of the incident alert, were significantly older (70.3 6 16.4 vs. 68.9 6 18.5 years, P < 0.001), had a higher proportion of male patients (48.2 vs. 42.8%, P < 0.001), a higher proportion of pre-existing CKD (37.9 vs. 30.9%, P < 0.001), and a higher proportion of AKI 1 vs. AKI2/3 (recent test; AKI1 75% vs. no recent test; AKI173.2%, P < 0.001).
In this cohort of those with a previous measurement prior to the AKI episode, 63.8% of measurements were taken in a hospital setting (15 096 of 23 658), of which 37.6% were performed as an inpatient (n ¼ 5677, mean time since previous test 10.7 6 9.6 days), 37.5% in an Accident and Emergency (A&E) setting (n ¼ 5667, mean time since previous test 7.3 6 8.8 days) and 16.6% in an outpatient setting (n ¼ 2512, mean time since previous test 13.5 6 9.6 days). Only 30.8% of tests prior to the AKI episode in the 'recent test' cohort were performed in primary care (7285 of 23 658). The mean time since the previous result in primary care was 13.3 6 9.7 days.
Pre-existing CKD prior to the AKI episode was highest in those with previous test results generated in primary care (46.9%) followed by patients with a result generated in A&E (33.6%) and patients with a test of renal function in an in-patient setting (31.5%, P < 0.001 for all comparisons). In contrast the highest proportion of AKI1 was seen in patients previously monitored in A&E (78.8%) followed by primary care (75.5%) and an in-patient setting (73.2%, P < 0.001 for all comparisons) ( Table 2) .
Clinical setting of AKI detection
The clinical location of AKI alerts is shown in Table 3 . For the cohort of patients with no recent test a higher proportion of AKI was detected in primary care (38.4 vs. 23.5%, P < 0.001) and less at A&E (48.3 vs. 55.7%, P < 0.001), than those with a recent test.
Within the recent test cohort, an A&E presentation with the incident AKI episode was significantly more likely for patients with previous A&E testing prior to the AKI alert (81.0%) compared with previous in-patient testing prior to the AKI alert (60.2%, P < 0001) which was significantly greater than for primary care tested patients (47.9%, P < 0.001).
In contrast presentation to primary care with the incident AKI episode was significantly greater for patients with previous primary care testing (43.2%) compared with previous in-patient testing (19.2%, P < 0.001), which was significantly greater than for patients previously tested at A&E (10.3%, P < 0.001).
Response to and impact of AKI
The clinical location of the blood test immediately following the AKI alert is shown in Table 4 . Patients who did not have a test result in the 30 days prior to the incident AKI alert were less likely to have a repeat blood test after the incident AKI alert than those known to medical services previously (81.0 vs. 88.9%, P < 0.001). For those who did have a repeat blood test following the incident AKI episode the time to repeat was significantly shorter for the known cohort (known 6.4 6 12.0 vs. 10.2 6 17.3 days P < 0.001), this relationship was consistent for the groups in which the repeat blood test was undertaken in Primary care (known 12.4 6 14.2 vs. 17.6 6 19.3 P < 0.001), A&E (known 6.4 6 12.3 vs. 7.5 6 16.5 days P < 0.001) or in an in-patient setting (known 2.3 6 5.5 vs. 3.1 6 8.3 days, P < 0.001).
A higher proportion of those not known, following the incident AKI episode remain in primary care for subsequent blood tests (24.2 vs. 16.5%, P < 0.001), and a lower proportion are admitted as an in-patient to hospital (29.9 vs. 36.1%, P < 0.001) than those who were known to medical services.
In the patients with a blood test prior to the AKI alert either in A&E or in an in-patient setting a higher proportion were likely to be seen in hospital (either at A&E or as an in-patient) for retesting of renal function following an AKI alert than those in whose previous measurement of renal function was undertaken in primary care (69.2 vs. 50.1% P < 0.001), in which a higher proportion had renal function remeasured in primary care following the alert (30.2 vs. 10.4%, P < 0.001).
Overall 90-day mortality for CA-AKI was 22.6%. Progression of AKI to a higher AKI stage (or for AKI 3 an increase 50% from the SCr generating the alert) was greater in the cohort of patients previously known to medical services (13.1 vs. 9.8%, P < 0.001). The proportion of patient admitted to ICU was also higher in this group (5.5 vs. 4.9%, P ¼ 0.001). In addition 90-day mortality was also significantly higher for patients already 'known' to medical services compared with those with no blood test in the 30-days prior to the AKI alert (27.2 vs. 18.5%, P < 0.001). In the cohort of 'known' patients at the time of the incident alert (i.e. a blood test within 30 days), mortality was higher in those seen prior to the AKI episode as an in-patient (30.9%) than either those seen prior in Primary care (26.9%, P < 0.001 vs. in-patient) or seen previously at A&E (26.8%, P < 0.001 vs. in-patient). 
Discussion
Despite advances in health care, the incidence of AKI is increasing both in the UK 21, 22 and USA. 23, 24 Potential explanations for this increase may be related to increasingly aggressive medical and surgical therapies in a largely aging population with multiple comorbid conditions. 25 The significance of AKI is highlighted by the increase in mortality associated with even small changes in SCr. [26] [27] [28] In contrast to HA-AKI less is known regarding CA-AKI although it is clear that CA-AKI is a major contributor to the overall disease burden. 13, 29 In this manuscript we provide a novel insight into the nature and outcome of CA-AKI and the patient journey in the days and weeks prior to and immediately following the detection of AKI.
The first notable finding in this study is that almost half of the patients who generated a CA-AKI alert have a measurement of renal function in the 30 days preceding the alert. For the majority of these patients this measurement was undertaken within two weeks of the incident AKI episode. As might be expected this group was older and had a higher proportion of CKD suggesting that this is a group with higher co-morbidity and therefore AKI risk factors. In keeping with this, mortality was also higher in patients which were known to medical services prior to development of AKI, at least as judged by a recent test of renal function. Of those with a recent test, for more than half, the review and measurement of renal function had been undertaken in a hospital setting. Although labelled as CA-AKI, given the short time frame between test and AKI incident alert it is possible that the incident AKI episode was related to either the illness precipitating the consultation or change made in response to the presenting symptoms. It is interesting therefore to speculate that within this group that AKI is some cases at least was predictable and therefore potentially avoidable. Within the group with a 'recent test' the highest mortality was seen in patients who had a measurement of renal function in an inpatient setting within roughly a fortnight of the AKI episode. This was also the group with the highest incidence of denovo AKI (i.e. the lowest proportion of pre-existing CKD). The lower mortality in patients monitored in primary care prior to the AKI episode reflects the highest proportion of acute on chronic AKI, whilst the lower mortality in those with a measurement of renal function at A&E prior to the AKI episode reflect less severe AKI at presentation which may also reflect the shortest time interval between the previous measured renal function and the AKI episode suggesting early presentation. Although this study highlights a large cohort of patients who develop AKI following recent hospital attendance, a weakness is its dependence of an e-alert system which lacks clinical context. Further work is therefore required to understand the relationship between medical service interactions/interventions, patient inter-current illness and their contribution to the development of CA-AKI, to identify any intervention or patientrelated risk factors which in particular might highlight who among the recent hospital attendees might be at risk and potentially benefit from early clinical review. Recent data however, derived from a cohort of patients with HA-AKI have identified five clusters of diagnoses to be associated with development of AKI: sepsis, heart disease, poly-trauma, liver disease and cardiovascular surgery. 30 This suggests that patients recently discharged back to the community following hospital attendance for these indications may benefit from early clinical review to facilitate early detection, prompt re-assessment of patients, close monitoring of patient physiology, review of medication or consideration of hospitalization in an attempt to improve patient outcomes. Although presentation to A&E is the most common presentation for CA-AKI, for those without a recent test the likelihood of presentation to primary care with the incident episode of AKI was higher. For patients in whom renal function was recently measured the site of presentation with the incident AKI episode also reflected where the previous blood test was undertaken, such that a previous recent blood test in A&E predicted presentation to A&E with the incident AKI episode and similarly a recent blood test in primary care predicted those who presented to primary care with the AKI episode. This suggests that patients when acutely unwell are most likely to return to a 'familiar' port of call for health advice. Our data also suggest that patients who have had recent measurement of renal function are more likely to have a repeat measurement following an AKI alert and that the time to a repeat blood test for this group is also significantly shorter. It is likely that this reflects both patient as well as medical staff-related behavioural factors. The place of detection of AKI also influences the likelihood of hospital admission with AKI detected in primary care generating the lowest number of admissions. This is consistent with our previous data on AKI in primary care which demonstrated that admission from primary care was associated with AKI severity. 17 Although admission was associated with higher mortality it was of note that in surviving patients non-admission was associated with worse renal outcomes, and that patients who were not hospitalized had a lower rate of renal recovery and a greater likelihood of developing an eGFR <60 ml/min/1.73 m 2 for the first time, which may be indicative of development of de novo CKD. 15 This is also consistent with the recent report of Sawheny in which non-admitted AKI whilst having a lower mortality was associated with greater non-recovery of renal function. 31 Previous data suggest that 'non-admission' is at least in part is due to lack of recognition of the significance of the alert. [14] [15] [16] Furthermore, we have demonstrated that a delayed response to the alert in primary care is associated with a significantly worse renal outcome. 17 Based on these observations we have previously recommended that a clinical review or referral together with a repeat measurement of renal function within 7 days should be considered an appropriate response to AKI e-alerts in primary care.
In conclusion this study demonstrates that almost half of all patients presenting with CA-AKI are already known to medical services, suggesting that AKI for at least some of these may be potentially predictable and/or avoidable. Of these almost two thirds have a recent interaction with hospital either as an inpatient or via an A&E visit, thus suggesting that a sizable proportion of what is currently labelled as CA-AKI may in fact relate to recent 'hospitalization' and may not actually be 'CA'. The challenge is to identify the group of patients in whom AKI may be predictable and for whom early clinical review is likely to reduce the incidence of or alter the outcome following AKI.
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